-rfx. *\ fo 
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l-(4-SUIJ f ANrVLARYL)-3-SUBSTrrUTED-5- cytoprotective prostaglandins in the GI tract and the syn- 

ARYL-2-PYRAZOLINES AND INHIBITORS thesis of thromboxane which triggers platelet aggregation in 

OF CYCLOOXYGENASE-2 blood platelets. COX-2 is inducible and short lived except in 

the case of certain tumors where it is constitutively acti- 
CROSS-REFERENCE TO RELATED 5 V ated. COX-2 expression is stimulated in response to 

APPLICATION endotoxins, cytokines, hormones, growth factors and mito- 

The benefit of the aiing date of U.S. provisional patent g ens - These observations suggest that COX-1 and COX-2 
application Ser. No. and 60/139,416, filed Jun. 16, 1999 is «ave different physiological and pathophysiological func- 
hereby claimed pursuant to 35 U.S.C. 119(e). The entire 1Q tions. Indeed, it has been suggested that COX-1 is respon- 
disclosure of the aforesaid provisional application is incor- sible for endogenous basal release of prostaglandins and 
porated herein by reference. hence is important to the physiological functions of pros- 

taglandins such as GI integrity and renal blood flow. On the 
FIELD OF THE INVENTION other hand, it has been suggested that COX-2 is mainly 

The invention relates generally to anti-inflammatory 15 ^ponsible for the pathological effects of prostaglandins, 
drugs, and more particularly to novel compounds which induction of the enzyme occurs m response to inflam- 

inhibit the activity of cyclooxygenase-2. mator y a g ents > hormones, growth factors and cytokines. See, 

U.S. Pat. No. 5,604,253, incorporated herein by reference, 
BACKGROUND OF THE INVENTION for a discussion of the advantages of selective COX-2 

, c ... . ., . 20 inhibition. Principally, a selective COX-2 inhibitor is 

The metabolites of arachidonic acid, such as ^ tQ Qssess anti _ mflaminat iDtipyKtic 

prosUghmdins, lipoxygenases and thromboxane product, ^ ^ ^ jsjSAID but with 

are produced m a wide variety of tissues and play a key role _ , A 5 t r i * ■ j j j 

in several biological responses. Prostaglandins mediate both reduced potential for gastromtestmal toxicity, and a reduced 

beneficial and undesirable biological reactions. Theproduc- potenUal for renal side effects. 

tion of prostaglandins induces pain, swelling, heat and The differential tissue distribution of COX-1 and COX-2 

redness which are characteristic features of inflammation. provides an approach to develop selective inhibitors for 

The chronic inflammation associated with prostaglandin COX-2 with reduced effect on COX-1, thereby preventing 

production leads to the breakdown of the injured tissue and gastric side effects, 
angiogencsis. In pathologic chronic inflammation, normal 

tissues can be destroyed and the new blood vessel formation 30 A number of selective COX-2 inhibitors have been 

can support growth of abnormal tissue. Prostaglandins are reported. These include diaryl heterocyclics (Penning etaL, 

also important for normal physiological processes in differ- /. Med. Chem, 40,1347-1365 (1997); acetoxyphenyl alkyl 

ent organs. In the stomach, prostaglandins protect mucosa sulfides (Kalgutkar et al., J. Med. Chem, 41, 4800-4818 

from acid. They also regulate blood flow and salt-water ^ (1998); methane sulfonamides (Li et al., J. Med. Chem, 38, 

balance in the kidney. Prostaglandins are also important in 4897-4905 (1995); and tricyclic inhibitor classes 

platelets aggregation and participate in memory and other (Wilkerson et al., J. Med. Chem., 38, 3895-3901 (1995). 

cognitive functions. US. Pat. No. 5,604,253 discloses N-benzylindol-3-yl pro- 

Prostaglandins are produced from cell membrane phos- panoic acid derivatives as cyclooxygenase inhibitors, 

pholipids by a cascade of enzymes. The enzymatic activities ^ . t , , „ . t _ v _ . .... 

involve release of arachidonic acid from the cell membrane *° What 15 needed additional COX-2 mhibitors particu- 

by phospholipase A 2 , followed by the conversion of arachi- larl X compounds which selectively inhibit the cyclooxyge- 

donic acid to a common prostaglandin precursor, PGH 2 , by nase activity of COX-2 over COX-1. 
cyclooxygenase (also called prostaglandin H synthase). 

PGRj is finally converted to various types of prostaglandins 45 SUMMARY OF THE INVENTION 
(PGEi, PGE 2 , PGI 2 or prostacyclin, PGF 2tx and 

thromboxane) by cell-specific synthases. It is an object of the invention to provide compounds and 

Aspirin and other nonsteroidal anti-inflammatory drugs pharmaceutical compositions thereof for inhibiting the bio- 

(NSAIDs) block the formation of prostaglandins by inhib- logical activity of COX-2, in particular the cyclooxygenase 

iting cyclooxygenase activity. They have analgesic, anti- 50 activity of COX-2. 

pyretic and and-inflamnwtory activities However, chronic ft fc m object of ^ , o ^ for methods of 

treatment with the avadable NSAIDs ; often leads to disnip- M m ^ 

tion of beneficial prostaglandin -mediated processes. The . , . , . 

side effects associated ^ith constant usage of NSAIDs ved P^Uglandm production and/or secretion, 

include gastrointestinal (GI) irritation and formation of 55 It is an object of me invention to provide for the treatment 

life-threatening GI ulcers. of cyclooxygenase-mediated disorders. v ? , 

A dramatic advance in me field of inflammation research ft ^ ^ of ^ invention (o yi(Je ounds 

came with discovery of multiple emqrmes for each step of which inhibil cox . 2 over 
the prostaglandin synthase cascade. The research suggested 

that in some situations, such as inflammation, cyclooxyge- 60 It is an object of the invention to provide methods for 

nase was inducible. The cyclooxygenase known at the time, synthesizing compounds of the invention and intermediates 

cyclooxygenase- 1 (COX-1), was clearly non -inducible or thereof. 

modulated by glucocorticoids A second, inducible form of ^ ^ ^ rf ^ shM becQme 

cyclooxygenase known as eye ooxygenase-2 (COX-2) was Q( from , he followin ^ disclosure . 

subsequently identified and cloned by several groups of 65 rr ^* 

investigators. COX-1 is the constitutive cyclooxygenase Compounds of formula I, and pharmaceutically accept- 

isoform and is mainly responsible for the synthesis of able salts thereof, are provided 
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preferably C 1 -C 3 alkoxy, most preferably methoxy; car- 
(I) boxy; Cj-Cg trihaloalkyl, preferably trihalomethyl, most 
preferably trifluoromethyl; and cyano. Although mono-, di- 
and tri-substitution is preferred, full substitution, particu- 
5 larly when the aryl group is phenyl, is possible. According 
lo one preferred embodiment, Z is phenyl, and is mono-, di-, 
tri-, tetra- or penta-substituted with halogen. The halogen 
atoms may be the same or different. 

According to another embodiment, Z is an aryl group 
other than phenyl or substituted phenyl, and is particularly 
substituted or unsubstituted heteroaryl. Such heteroaryl radi- 
cals include, for example, pyridyl, particularly 2-, 3- and 
S °2 NH 2 4-pyridyl; thienyl, particularly 2- and 3-thienyl; furyl, par- 

15 ticularly 2- and 3-furyl; indolyl, particularly 3-, 4-, 5-, 6-, 
and 7-indolyl; benzothienyl, particularly 3-, 4-, 5-, 6-, and 
wherein* 7-benzothienyl; benzo furyl, particularly 3-, 4-, 5-, 6-, and 

, _ _ 7-benzofuryI; imidazolyl, particularly 2- and 5-imidazolyl; 
X is selected from the group cons^tuig of , , rticuJarl 3 . ^ 5 .p yrazol yi ; 2-thiazolyl; 

tnhdomethyl,prefer*^^^^ 2-benzothiazolyl; quinolinyl, particularly 2-, 3- and 

and an opuonaUy substituted or di^ubshtuted phenyl oUn J ^Ibenzytoxazolyl). Representative pre- 

group of formula II: c a . 1, j u* i ■ i j * *u \ ~> 

^ ferred substituted heteroaryl groups mclude 6-methyl-2- 

pyridyl, 5-halo-2-thienyl, 5-methyl-2-thienyl, 5-halo-2- 
furyl, 5-halo-3-furyl, 2,5-dimethyl-3-thienyl and 2,5- 
m 25 dimethyl-3-furyl. 

According to one preferred embodiment of the invention, 
Z is an optionally 2- or 4-substituted (or 2-, 4-di-substituted) 
phenyl group of the formula CI: 



30 



(IB) 




wherein: 

R 3 and R 4 are independently selected from the group 35 
consisting of hydrogen, halogen, preferably chlorine, 
fluorine and bromine; hydroxyl; nitro; Cj-Qj alkyl, 
preferably Cj-Cj alkyl; C x -C 6 alkoxy, preferably 
C 1 -C 3 alkoxy; carboxy; C 1 -C 6 trihaloalkyl, prefer- 
ably trihalomethyl, most preferably trifluoromethyl; 40 
and cyano* 

„. , , ' . * , . „ „ wherein R, and R 2 are independently selected from the 

15 Se uSr\e'T ? ®° UP CODSatm& of substituted and &Qyjp ooasjg&lg of hydrogen; halogen> particularly 

unsu ^ t- u fluorine, bromine and chlorine; hydroxyl; nitro; C 1 -C 6 

The carbon chains m the alkyl and alkoxy groups which J , , ' 1 

may occur in the compounds of the invention may be 45 a auroxy; * nd ^ rtx f y ' . v . 

straight or branched. The expression "C.-C, alkyl" thus Aooonhnglo another preferred embodiment, wherein X is 

extends to alkyl groups containing one, two, three, four, five optionally mono- or di-substituted phenyl according to for- 

or six carbons. The expression "C A -C 6 alkoxyl" thus extends mula ll > R 3 ™ d R 4 are independently selected from the 

to alkoxy groups containing one, two, three, four, five or six g^P consisting of hydrogen, halogen, hydroxyl; nitro; 

carbons. 50 C 1 -C <5 alkyl, Cj-Q alkoxy and carboxy, most preferably 

The term "aryl", alone or in combination, means a car- hydrogen, fluorine, bromine, chlorine, Cj-Cj alkyl, C 1 -C 3 

bocyclic aromatic system containing one, two or three rings alkoxy, hydroxy and nitro. When R 3 is hydrogen and R 4 is 

wherein such rings may be attached together in a pendent other than hydrogen, the preferred ring attachment position 

manner or may be fused. The term "aryl" is intended to of R 4 is the 2- or 4- position, most preferably the 4-position. 

include not only aromatic systems containing only carbon 55 Where both R 3 and R 4 are other than hydrogen, the preferred 

ring atoms but also systems containing one or more non- positions of substitution are the 2- and 4-positions, or the 3- 

carbon atoms as ring atoms. Such systems may be known as and 4-positions. 

"heteroaryl" systems. The term "aryl" is thus deemed to The invention is also directed to isolated optical isomers 

include "heteroaryr. of compounds according to formula I or V. By "isolated" 

Preferred aryl groups Z include phenyl and heteroaryl, 60 means a compound which has been substantially purified 

which may be substituted or unsubstituted. By "substituted" from the corresponding optical isomers) of the same for- 

is meant any level of substitution, although mon- di- and mula. Preferably, the isolated isomer is at least about 80%, 

tri-substitution are preferred. The substituents are indepen- more preferably at least 90% pure, even more preferably at 

dently selected. The substituents are preferably selected least 98% pure, most preferably at least about 99% pure, by 

from the group consisting of halogen, particularly chlorine, 65 weight. 

fluorine and bromine; hydroxyl; nitro; C x -C 6 alkyl, prefer- The invention is also directed to novel intermediates of 

ably Cj-Ca alkyl, most preferably methyl; Q-Q alkoxy, the formula 
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(IV) (V) 

■ Vx 

\ / 

Z H 

where X and Z are defined as above. 

The invention is also directed to methods for preparing 
the aforesaid novel intermediates. A method for preparing a 
compound of formula IV comprises 

(a) reacting a ketone compound selected from the group 
consisting of 15 

(i) 1,1,1-trihaloacetone, preferably 1,1,1- wherein: 

trifluoroacetone; and X is selected from the group consisting of trihalomethyl, 

(ii) a compound of the formula Q-Q alkyl, and a group of formula II: 

o 20 (n) 

11 

ch 3 c — x 




SO2R5 



wherein X is Cj-Cg alkyl, or a radical of the formula 



25 R4 



wherein: 

R3 and R 4 are independently selected from the group 
30 consisting of hydrogen; halogen; hydroxyl; nitro; 
Cj-Cg alkyl; C 1 -C 6 alkoxy; carboxy; C 1 -C 6 triha- 
84 loalkyl; and cyano; 

Z is substituted or unsubstituted aryl, preferably substi- 
wherein R 3 and R 4 are defined above; with a compound of tuted or unsubstituted heteroaryl; and 

the formula 35 R 5 is selected from the group consisting of 

o 00 

11 11 11 . 

Z CH NHCRfi and NCR 6 *M + 

40 

wherein Z is selected from the group consisting of substi- wherein R 6 is C 1 -C 6 alkyl and M is Na, K or Ii; or a 
tuted and unsubstituted aryl; and pharmaceutically acceptable salt thereof, 
(b) isolating a compound according to formula IV from Methods are also provided for preparing compounds 
the reaction products. According to a preferred 45 according to formula I, by reacting the formula IV 
embodiment, the reaction temperature is maintained in intermediate, wherein X and Z are defined as above, with 
the range of from about 15° C. to about 30° C, but 4-sulfamyl phenyl hydrazine or salt thereof; and isolating a 
higher temperatures are possible depending on the compound according to formula I from the reaction prod- 
boiling points of the reactants. ucts. 
An alternative method is provided for preparing the 5Q The invention is also directed to a pharmaceutical com- 
aforesaid intermediates of formula IV wherein X is position of one or more compounds of formula I in combi- 
trihalomethyl, preferably trifluoro-, tribromo-, or trichlo- nation with a pharmaceutically effective carrier, 
romethyl. The method comprises: According to yet another embodiment of the invention, a 

(a) reacting diethyl methylphosponate with an method for treating a cyclooxygenase-mediated disease is 
N-phenyltrihaloacetimidoyl chloride and a compound 55 provided comprising administering an effective amount of a 
of the formula compound according to formula I to an animal in need of 

such treatment. The expression "animal" is inclusive of 
human beings. 

DESCRIPTION OF THE FIGURE 

FIG. 1 shows the inhibition of colorectal cancer cell 

. „ . , , colony growth in the presence of compounds of the 

wherem Z is selected from the group consisting substituted ^ compared to celecoxib. 
and unsubstituted aryl; and 

(b) isolating a compound according formula IV wherein X DETAILED DESCRIPTION OF THE 
is trihalomethyl from the reaction products. 65 INVENTION 

According to another embodiment of the invention, a The compounds of formula I are potent inhibitors of 

compound of the formula V is provided: COX-2. COX-2 activity was demonstrated by a cell-free 



z — ch 



60 
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assay in which human recombinant COX-2 was incubated 
with test compound and [ 14 C]-arachidonic acid. The result- 
ing radiolabeled prostanoid compounds, i.e., the products of 
COX-2 reaction with arachidonic acid, were quantified. 

The compounds of the invention may be prepared via an 
intermediate of formula IV: 



(TV) 



8 



The following are general procedures for preparation of 
the formula I compounds or intermediates thereof: 
Procedure 1: Synthesis of Trans- 1,1,1 -trifluoro-4-aryl-3- 
buten-2-one Intermediate 

To a solution of 10% sodium hydroxide in ethanol (25 
ml), 1,1,1-trifluoroacetone (10 mmol) is added and stirred at 
15-2CP C. To this a solution of the appropriate araldehyde 
(10 mmol) 



\ / 



10 



wherein X and Z are defined as above. 

The compounds of formula I are prepared by reacting the 
intermediate of formula IV with sulfamyl phenyl hydrazine 
hydrochloride. 

According to another embodiment of the invention a 
compound according to formula I may be further reacted 
with an anhydride of the formula 

t i 



or an acylating compound of the formula 



25 



30 



Z CH 



where Z is defined as above, is added and stirred vigorously 
15 for 4 hrs. The temperature of the reaction is maintained at 
15-20° C. throughout the reaction. The solution is then 
poured into ice water and acidified with concentrated hydro- 
chloric acid. The resulting separated trans-l,l,l-trifluoro-4- 
aryl-3-buten-2-one of formula IV (X=CF 3 ) is extracted with 
20 ether dried over anhydrous MgS0 4 . Evaporation of the dried 
ethereal layer yields the trans-l,l,l-trifluoro-4-aryl-3-buten- 
2-one which is purified by recrystallization. 
Procedure 1A: Alternative Synthesis of Trans-1,1,1- 
trifluoro-4-aryl-3-buten-2-one Intermediate 

To a cooled solution of (-70° C.) lithium diisopropyla- 
mide (10 mmol), diethyl methylphosphonate (5 mmol) is 
added. After the mixture is stirred for 30 minutes at -70° C, 
N-phenyltrifluoroacetimidoyl chloride (5 mmol) is gradually 
added and stirring is continued at -70° C. for 1 hour. The 
appropriate araldehyde (5 mmol) 



ReC — a 



wherein R 6 is Cj-C 6 alkyl, to form the corresponding 
sulfonamide, that is, a compound according to formula V: 



(V) 



-CH 




SO2R5 



wherein R 5 is 



35 



40 



45 



50 



NIICR6 55 

and R 6 is defined as above. The corresponding alkali metal 
salt, that is, a compound where R 5 is 



60 



NCR$"M + 

and M is Na, K or Li, may be formed by reacting the above 
sulfonamide with an alkali hydroxide, selected from the 
group consisting of NaOH, KOH or LiOH. 



where Z is defined as above, is added dropwise for 10 
minutes. The resulting mixture is warmed to room tempera- 
ture over 2 hours and then 

stirred overnight. Then 20 ml of dilute hydrochloric acid 
is added and stirred at room temperature for 4 hours. The 
solution is extracted thrice with diethyl ether (20 ml each 
time) and washed successively with 5% sodium bicarbonate 
and brine until the pH of the solution is 6. The ethereal layer 
is separated, dried over anhydrous sodium sulfate and con- 
centrated under reduced pressure to yield crude trans-1,1,1- 
trifluoromethyl-4-aryl-3-buten-2-one. The product is puri- 
fied either by column chromatography or by 
recrystallization. 

The appropriate 1,1,1-trihaloacetone can be substituted 
for 1,1,1-trifluoroacetone in Procedure 1 to provide other 
trans-l,l,l-trihalo-4-aryl-3-buten-2-one intermediate. 
Similarly, other N-phenyltrihaloacetimidoyl chlorides can 
be substituted for N-phenyltrifluoroacetimidoyl chloride in 
Procedure 1A to produce other trans-l,l,l-trihalo-4-aryl-3- 
buten-2-one intermediates. 

Procedure 2: Synthesis of Trans-1 -(alkyl or Optionally Sub- 
stituted Aryl)-3-aryl-2-propen-l-one Intermediate 

To a solution of 10% sodium hydroxide in ethanol (25 
ml), a ketone of the formula 

t 

CH 3 C X 



65 



wherein X is C 2 -C 6 alkyl (20 mmol), or a radical of formula 
II 
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To a solution of a l-(4-sulfamylphenyl)-3- 
(II) trifluoromethyl-5-aryl-2-pyrazoline (10 mmol) in tetrahy- 
r 3 drofuran (40 ml), acetic anhydride (20 mmol), 

4^imemylaminopyridine (10 mmol) and triethylamine (11 

L J 5 mmol) is added and stirred for 16 hours at room temperature. 

U vjjj The reaction mixture is then poured into water (100 ml) and 

extracted with ethyl acetate. The ethyl acetate layer is 
^ separated, washed successively with water, brine and then 

dried over anhydrous sodium sulfate. The dried organic 
wherein R 3 and R 4 are defined as above (10 mmol), is added , 0 la X er * «>d evaporated under reduced pressure to 

and stirred at 15-20° C. To this a solution of the appropriate yi eld crude N-[4-(5-aryl-3-trifluromethylpyrazolin-l-yl) 
araldehyde (10 mmol) phenylsulfonyl]acetamide. Recrystallization from a mixed 

solvent yields a pure compound. 
0 Other sulfonamides may be prepared by substituting an 

[j anhydride of the formula 



-ch 



25 (VI) 




where Z is defined as above, is added and stirred vigorously 
for 4 hours. The temperature of the reaction is maintained at 
15-20° C. throughout the reaction. The solution is then 2 o 

poured into ice water and acidified with concentrated hydro- where R 6 is C^-Cg alkyl, for acetic anhydride in Procedure 
chloric acid. The resulting separated trans-l-(alkyl or 5 t0 yield compounds of the formula VI, wherein X is 
optionally substituted aryl)-3-aryl-2-propen-l-one of for- trifluoromethyl" 
mula IV (X=C 1 -C 6 alkyl, or radical of formula II) is 
extracted with ether dried over anhydrous MgS0 4 . Evapo- 
ration of the dried ethereal layer yields the trans-l-(alkyl or 
optionally substituted aryl)-3-aryl-2-propen-l-one, which is 
purified by distillation or recrystallization. 
Procedure3: Synthesis of l-(4-Sulfamylaryl)-3- 
trifluoromethyl-5-aryl-2-pyrazoline 

To a solution of a trans-l,l,l-trifluoro-4-aryl-3-butene-2- 30 
one (5 mmol) of formula IV (X=CF 3 ) in absolute methanol 
is added 4-sulfamyl phenyl hydrazine hydrochloride (6 
mmol). The mixture is refluxed with stirring overnight on a 
hot plate with a stirrer. The solution is cooled and poured 
onto crushed ice and solid material is separated by filtration. 35 

Recrystallization of the solid material with appropriate sol- sc^nhcr* 
vent yields the pure l-(4-sulfamylaryl)-3-trifluoromethyl-5- 
aryl-2-pyrazoline of formula la: 

Procedure 6: Synthesis of N-[4-(5-Aryl-3- 
(ia) 40 trifluromethylpyrazolin-l-yl)phenylsulfonyl]acetamide 
Sodium Salt 

To a solution of N-[4-(5-aiyl-3-trifluoromethylpyrazolin- 
1-yl) phenylsulfonyl]acetamide (5 mmol) in ethanol (100 
ml), sodium hydroxide (5 mmol in 20 ml of water) is added 
45 and stirred for 5 hours. The solution is then concentrated in 
vacuum to give a solid hydrated sodium salt of l-(4- 
sulfamylphenyl)-3-trifluoromethyl-5-aryl-2-pyrazoline. 

Salts of other sulfonamides may be prepared in the same 
manner by substituting the appropriate amide according to 
50 formula V as the starting compound. 
so 2SH2 Procedure 7: Synthesis of N-[4-(5-Aryl-3-[alkyl or Option- 

2 ^ ally Substituted Aryl]pyrazolin-l-yl)phenylsulfonyl] 

acetamide 

Procedure 4: Synthesis of l-(4-Sulfamylaryl)-3-(alkyl or N-[4-(5-Aryl-3-£alkyl or optionally substituted aryl] 
Optionally Substituted Aryl)-5-aryl«2-pyrazoline 55 pyrazolin-l-yl) phenylsulfonyl]acetamides according to for- 

To a solution of a trans-l-(alkyl or optionally substituted mula V (X"C 1 -C 6 alkyl or optionally substituted or 
aryl)-3-aryl-2-propen-l-one (5 mmol) of formula IV in di-substituted phenyl) are prepared according to Procedure 
absolute methanol is added 4-sulfamyl phenyl hydrazine 5, substituting the appropriate l-(4-sulfamylphenyl)-3- 
hydrochloride (6 mmol). The mixture is refluxed with stir- (alkyl or optionally substituted phenyl)-5-aryl-2-pyrazoline 
ring overnight on a hot plate with a stirrer. The solution is 60 for l-(4-sulfamylphenyl)-3-trifluoromethyl-5-aryl-2- 
cooled and poured onto crushed ice and solid material is pyrazolone as the staring material. 

separated by filtration. Recrystallization of the solid material In similar fashion, sulfonamides according to formula V 
with appropriate solvent yields the pure l-(4-sulfamylaryl)- (X-Cj-Cg alkyl or optionally substituted or di-substituted 
3-(alkyl or optionally substituted aryl)-5-aryl-2-pyrazoline phenyl), other than acetamides, may be prepared by substi- 
of formula I, wherein X is defined as in Procedure 2. 65 ruling the appropriate anhydride for acetic anhydride in 
Procedure 5: Synthesis of N-[4-(5 - Aryl-3- Procedure 5. These compounds may be converted to salts 
trifluromemylpyrazolm-l-yl)pheny according to Procedure 6. 
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The compounds of the invention preferably are charac- arthritis, spondyloarthropathies, gouty arthritis, 

terized by a selectivity ratio for COX-2 inhibition over osteoarthritis, systemic lupus erythematosus and juvenile 

COX-1 inhibition of at least about 50, more preferably at arthritis. Such conditions further include rheumatic fever, 

least about 100. COX inhibition may be determined in vitro symptoms associated with influenza or other viral infections, 

by enzyme assays well-known to those skilled in the art, 5 common cold, low back and neck pain, dysmenorrhea, 

such as the enzyme assay method described later herein. headache, toothache, sprains and strains, myositis, 

The compounds of the present invention may take the neuralgia, synovitis, gout and ankylosing spondylitis, 
form or phannaceuticaUy acceptable salts. The term "phar- bursitis, and following surgical and dental procedures. The 
maceutically acceptable salts", embraces salts commonly compounds of the invention are believed useful as analge- 
used to form alkali metal salts and to form addition salts of 10 sics for treating or alleviating all forms of pain. The corn- 
free acids or free bases. Where reference is made to "com- pounds are believed useful in the treatment of other disor- 
pound of formula I (or formula V)" or a "compound of the ders including asthma, bronchitis, tendinitis, bursitis; skin 
invention", it is understood that pharmaceutically acceptable related conditions such as psoriasis, eczema, burns and 
salts are also included. The nature of the salt is not critical, dermatitis; gastrointestinal conditions such as inflammatory 
provided that it is pharmaceutically-acceptable. Suitable 15 bowel disease, Crohn's disease, gastritis, irritable bowel 
pharmaceutically acceptable acid addition salts may be syndrome and ulcerative colitis and for the prevention of 
prepared from an inorganic acid or from an organic acid. colorectal cancer, the treatment of inflamation in such 
Examples of such inorganic acids are hydrochloric, diseases as vascular diseases, migraine headaches, periar- 
hydrobromic, hydroiodic, nitric, carbonic, sulfuric and phos- teritis nodosa, thyroiditis, aplastic anemia, Hodgkin's 
phoric acid. Appropriate organic acids may be selected from 20 disease, sclerodoma, type I diabetes, myasthenia gravis, 
aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyclic, sarcoidosis, nephrotic syndrome, Behcet's syndrome, 
carboxylic and sulfonic classes of organic acids, example of polymyositis, gingivitis, hypersensitivity, conjunctivitis, 
which are formic, acetic, propionic, succinic, glycolic, swelling occurring after injury, myocardial ischemia, and the 
gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic, like. The compounds of the invention are believed useful as 
maleic, fu marie, pyruvic, aspartic, glutamic, benzoic, 25 antipyretics for the treatment of fever, 
anthranilic, mesylic, salicyclic, salicyclic, In addition, compounds of the invention may inhibit 
4-hydroxybenzoic, phenylacetic, mandelic, embonic cellular neoplastic transformations and metastatic tumor 
(pamoic), methanesulfonic, ethanesulfonic, growth and hence can be used in the treatment of cancer. In 
benzenesulfonic, pantothenic, 2- hydroxy ethanesulfonic, particular, the present invention provides a method for 
toluenesulfonic, sulfanilic, cyclohexylaminosulfonic, 30 treating or preventing a neoplasia that produces a prostag- 
stearic, algenic, beta-hydroxybutyric, salicyclic, galactaric landin in a subject in need of such treatment or prevention, 
and galacturonic acid. Suitable pharmaceutically acceptable the method comprises treating the subject with a therapeu- 
base addition salts of compounds of formula include metal- tically effective amount of a compound of formula I or V. 
lie salts made from calcium, lithium, magnesium, potassium, The term "neoplasia" includes neoplasia that produce pros- 
sodium and zinc or organic salts made from N,N'- 35 taglandins or express a cyclooxygenase, including both 
dibenzylethylenediamine, chloroprocaine, choline, benign and cancerous tumors, growths and polyps. Neopla- 
diethanolamine, ethylenediamine, meglumine sias believed treatable with cyclooxygenase inhibitors are 
(N-methylglucamine) and procaine. All of these salts may be discussed in U.S. PaL No. 5,972,986, the entire disclosure of 
prepared by conventional means from the corresponding which is incorporated herein by reference. The compounds 
compound of formula I or V by reacting, for example, the 40 may be used to inhibit the growth or an established 
appropriate acid or base with the compound of formula I or neoplasm, i.e., to induce regression, or to prevent or delay 
V. the onset of the neoplasm. 

The compounds of the present invention may be admin- According to U.S. Pat. No. 5,972,986, neoplasias that 

istered in the form of a pharmaceutical composition, in produce prostaglandins, and which are therefore believed 

combination with a pharmaceutically acceptable carrier. The 45 treatable with the compounds of the invention, include brain 

active ingredient in such formulations may comprise from cancer, bone cancer, epithelial cell-derived neoplasia 

0.1 to 99.99 weight percent By "pharmaceutically accept- (epithelial carcinoma) such as basal cell carcinoma, 

able carrier" is meant any carrier, diluent or excipient which adenocarcinoma, gastrointestinal cancer such as lip cancer, 

is compatible with the other ingredients of the formulation mouth cancer, esophageal cancer, small bowel cancer and 

and to deleterious to the recipient. 50 stomach cancer, colon cancer, liver cancer, bladder cancer, 

The compounds of the invention may be administered to pancreas cancer, ovary cancer, cervical cancer, lung cancer, 

individuals (animals, most particularly mammals including breast cancer and skin cancer, such as squamous cell and 

humans) afflicted with any disorder characterized by unde- basal cell cancers, prostate cancer, renal cell carcinoma, and 

sirable prostaglandin production resulting from cyclooxy- other known cancers that effect epithelial cells throughout 

genase activity, particularly COX-2 activity 55 the body. 

("cyclooxygenase-mediated disorder"). In particular, the The compounds of the invention may also be useful in the 

compounds of the invention are believed useful in treating treatment of angiogenesis-mediated disorders. Thus, a 

inflamation and inflamation-related disorders, by adminis- method fortreating, inhibiting or delaying the onset of an 

tering to a subject having or susceptible to such inflamation angiogenesis-mediated disorder in a subject is provided 

or inflamation-related disorder and effective amount of a 60 comprising administering to a subject in need of such 

compound according to formula I. Inflamation is associated treatment an effective amount of a compound according to 

with a variety of disease conditions. For a list of such disease the present invention. Angiogenesis-mediated disorders 

conditions treatable by cyclooxygenase inhibitors, and which may be treatable with cyclooxygenase inhibitors are 

COX-2 inhibitors in particular, see U.S. Pat. Nos. 5,604,253 discussed in U.S. Pat. No. 6,025,353, the entire disclosure of 

and 5,908£52, the entire disclosures of which are incorpo- 65 which is incorporated herein by reference. According to U.S. 

rated herein by reference. Such conditions include, for Pat. No. 6,025,353, such disorders include, for example, 

example, arthritis, including but not limited to rheumatoid metastasis, corneal graft rejection, ocular 
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neovascularization, retinal neovascularization, diabetic 
retinopathy, retrolental fibroplasia, neovascular glaucoma, 
gastric ulcer, infantile hemaginomas, angiofibroma of the 
nasopharynx, avascular necrosis of bone, and endometriosis. 

The compounds may be administered by any route, 
including oral and parenteral administration. Parenteral 
administration includes, for example, intravenous, 
intramuscular, intraarterial, intraperitoneal, intranasal, 
rectal, or subcutaneous administration. The active agent is 
preferably administered with a pharmaceutical ly acceptable 
carrier selected on the basis of the selected route of admin- 
istration and standard pharmaceutical practice. 

The active agent may be formulated into dosage forms 
according to standard practices in the field of pharmaceutical 
preparations. See Alphonso Gennaro, ed., Remington's 
Pharmaceutical Sciences, 18th Ed., (1990) Mack Publishing 
Co., Easton, Pa. Suitable dosage forms may comprise, for 
example, tablets, capsules, solutions, parenteral solutions, 
troches, suppositories, or suspensions. 

For parenteral administration, the active agent may be 
mixed with a suitable carrier or diluent such as water, an oil, 
saline solution, aqueous dextrose (glucose) and related sugar 
solutions, or a glycol such as propylene glycol or polyeth- 
ylene glycol. Solutions for parenteral administration prefer- 
ably contain a water soluble salt of the active agent. Stabi- 25 
lizing agents, annoxidizing agents and preservatives may 
also be added. Suitable antioxidizing agents include sulfite, 
ascorbic acid, citric acid and its salts, and sodium EDTA. 
Suitable preservatives include benzalkonium chloride, 
methyl- or propyl-paraben, and chlorbutanol. 30 

For oral administration, the active agent may be combined 
with one or more solid inactive ingredients for the prepara- 
tion of tablets, capsules, or other suitable oral dosage forms. 
For example, the active agent may be combined with car- 
boxymethylceilulose calcium, magnesium stearate, manni- 35 
tol and starch, and then formed into tablets by conventional 
tableting methods. 

The specific dose of compound according to the invention 
to obtain therapeutic benefit will, of course, be determined 
by the particular circumstances of the individual patient 40 
including, the size, weight, age and sex of the patient, the 
nature and stage of the disease, the aggressiveness of the 
disease, and the route of administration. For example, a daily 
dosage of from about 0.01 to about 150 mg/kg/day may be 
utilized. Higher or lower doses are also contemplated. 45 

The compounds of the present invention are optically 
active due to the presence of a chiral carbon atom at position 
5 of the pyrazoline nucleus: 

(0 50 



isomers may be purified from racemic mixtures by well- 
known chiral separation techniques. According to one such 
method, a racemic mixture of a compound having the 
structure of formula I or V, or chiral intermediate thereof, is 
5 separated into 99% wt. % pure optical isomers by HPLC 
using a suitable chiral column, such as DAICEL CHIRAL- 
PAK AD (Dai eel Chemical Industries, Ltd., Tokyo, Japan). 
This column contains a packing of amylose tris(3,5- 
10 dimethylphenyl) carbamate coated on a 10 /an silica-gel 
substrate. The column has a size of 250x4.6 mm (LxI.D.). 
The column is operated according to the manufacturer's 
instructions. A flow rate should be maintained that will result 
in column pressures of less than 430 psi (30 kg/cm2). A 
typical flow rate is 1.0 ml/min. The operating temperature 
range is 0° C.-40° C. The maximum operating pressure is 
1200 psi. One suitable mobile phase system is hexane/2- 
propanol (100/0 to 0/100 v/v). A typical hexane/2-propanol 
mobile phase is hexane/2-propanol (90/10 v/v). Another 
suitable mobile phase system is hexane/ethanol (100/0 to 
85/15 v/v), (40/60 to 0/100 v/v). Suitable mobile phase 
modifiers include N,N-diemylarnine for a basic sample, and 
trifluoroacetic acid for an acidic sample. 



The practice of the invention is illustrated by the follow- 
ing non-limiting examples. 



EXAMPLE 1 



l-(4-Sulfamylphenyl)-3-trifluoromethyl-5-phenyl-2- 
pyrazoline 



A. Trans- l,l,l-trifluoro-4-phenyl-3-buten-2-one was pre- 
pared according to Procedure 1 from 1,1,1-trifluoroacetone 
and benzylaldehyde. 



B. A solution of trans-l,l,l-trifluoro-4-phenyl-3-buten-2- 
one (5 mmol) and 4-sulfamylphenyl hydrazine hydrochlo- 
ride (6 mmol) was subjected to Procedure 3. The title 
compound was obtained in 73% yield, m.p. 132-135° C; C, 
H analysis (C 18 H 15 S0 2 N 4 F 3 .H 2 0): 



55 




%C 


%H 


%N 




Calcd 


50.70 


4.01 


13.13 




Found 


49.90 


3.95 


13.13 



60 



SO2NH2 



Other chiral carbon atoms may also be present. The present 
invention is meantto comprehend diastereomers aswell as 
their racemic and resolved, enantiomerically pure forms and 
pharmaceuticaUy acceptable salts thereof. Isolated optical 



Table 1, Examples 2-23, lists additional compounds 
65 which are by reacting a trans-l,l,l-trifluoro-4-(substituted) 
phenyl-3-buten-2-one (5 mmol) and 4-sulfamylphenyl 
hydrazine hydrochloride according to Procedure 3. 
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TABLE 2 




S02NH 2 



Example 


y 


2 . 


2-CI 


3 


3C1 


4 


4-C1 


5 


2-F 


6 


3-F 


7 


4-F 


8 


4-Br 


9 


2-CI, 4-F 


10 


2,4-C1 2 


11 


3,4-Cl 2 


12 


3-C1, 4-F 


13 


3,4-F 2 


14 


2>C1 2 


15 


2-CH 3 


16 


4-CH3 


17 


2-OCH3 


18 


4-OCH3 


19 




20 


4-CF3 


21 


4-OH 


22 


4-N0 2 


23 


4-COOH 
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Example 




25 


2-furyl 


26 


2-thienyl 


27 


2-pyridyl 


28 


3-pyridyl 


29 


4-pyridyl 


30 


2-benzofiiryl 



Table 3, Examples 31-40, lists additional compounds 
25 which were prepared according to Procedures 2 and 4. 



TABLE 3 



EXAMPLE 24 



l-(4-Sulfamylphenyl)-3-trifluoromethyl-5-(3- 
indolyl)-2-pyrazoline 



30 



35 



40 



45 




S02NH 2 



Example 




Y 2 


MP. (° C.) 


31 


H 


4-CH 3 0 


220-221 


32 


H 


4-C1 


208-210 


33 


H 


4-Br 


206-207 


34 


4-F 


4-F 


188-190 


35 


4-C1 


4-F 


212-213 


36 


4-CH3 


4-F 


226-227 


37 


4-C1 


4-a 


217-219 


38 


4-CH3O 


H 


193-194 


39 


4-CH3S 


4-CH3 


204-206 


40 


4-CH 3 S0 2 


4-CH 3 


250-252 



A. Trans-l,l,l-trifluoro-4-(3-indolyl)-3-buten-2-one was 
prepared according to Procedure 1 from 1,1,1- 
trifluoroacetone and 3-indolyl carboxaldehyde. 

B. A solution of trans-l,l,l-trifluoro-4-(3-indolyl)-3- 50 
buten-2-one (5 mmol) and 4-sulfamylphenyl hydrazine 
hydrochloride (6 mmol) was subjected to Procedure 3. The 
title compound was obtained in 82% yield, m.p. 178-180° 
C; C, H analysis (C 16 H 14 S0 2 N 4 F3): 

55 

Cyclooxygenase Enzyme Assay 

Compounds were tested for inhibitory activity against 
COX-1 and COX-2. The compounds of Examples 1 and 24 
60 had the highest selectivity for inhibiting COX-2. 

Cyclooxygenase activity of ovine COX-1 (Oxford Bio- 
medical Research Inc.) and human recombinant COX-2 
(Oxford Biomedical Research Inc.) was assayed by a thin 
Table 2, Examples 25-30, lists additional compounds layer chromatography (TLQ method as follows. All inhibi- 
which are prepared by reacting trans-1 ,1 ,1 -trifluoro-4-ary 1- 65 tors were dissolved in dimethyl sulfoxide to a stock solution 
3-buten-2-one and 4-sulfamylphenyl hydrazine hydrochlo- of 5mM. Human recombinant COX-2 (3 units) or ovine 
ride according to Procedure 3. COX-1 (15 units) was incubated with inhibitors at several 





%C 


%H 


%S 


Calcd. 


52.03 


3.82 


11.37 


Found 


51.91 


3.84 


11.15 



